INTRODUCTION
Water pollution is defined to be the presence of excessive amounts of a hazard (pollutants) in water in such a way that it is no long suitable for drinking, bathing, cooking or other uses. For the people's lives along the river in Riau Province, water is an important part and also as one of the natural resource for municipal. The water pollution or natural catastrophe will affect the economic development opportunities in the state of the surrounding area and is indicated as water quality declines to a certain level that impairs safe usage [1, 2] . One source of the water pollution is from palm oil industries which generate wastewater containing oil and very high organic material. Water pollution can be measured by monitoring the level of DO contained within a sample. This parameter is frequently used to evaluate the water quality on different water basins and river and is strongly influenced by a combination of physical, chemical, and biological characteristics of streams of oxygen demanding substances, including algal biomass [3, 4] . The correlation between the oxygen deficit variation with the average photosynthesis rate and the average respiration rate was established an empirical equation [5] . The water quality index and DO as indicators of the quality of watersheds with the influence of the climate condition on the water quality were investigated by [6, 7] . Water quality monitoring is also performed by observing fluctuations in DO concentrations within the environment surrounding algae. Changes observed are a result of the metabolism and respiration process of algae. El Jay [8] observed the effect of aqueous organic substances dissolved in water on algae metabolism. Green algae particularly, can be used as a cost-effective solution for river water quality monitoring. A major advantage of environmental monitoring using algae is the possibility for large populations to be produced in a relatively short time period [9] . This paper presents the development of an electrochemical biosensor to monitor the change of DO quantity using amperometric electrodes by observing changes inside the water solution. The BioChip-G uses a lab-on-chip approach that performs multi parametric measurements of DO, temperature, acidification degree (pH) and impedance as water pollution parameters simultaneously to simplify the in situ data collection process of the sample [10] .
In this research, BioChip-G and biosensor module are utilized to detect the DO concentration in combination with the algae Chlorella vulgaris as a living bio-transducer for real-time detection.
Chlorella vulgaris was chosen as a pollutant detector due to its high level of sensitivity [11, 12] .
INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS VOL. 10, NO. 4, DECEMBER 2017 Dissolved oxygen is produced in water by the algae when it is exposed to sufficient light to support photosynthesis. Photosynthesis was simulated by using an artificial light source in accordance with the amount of Photosynthesis Active Radiation at 450nm up to 750nm. Results show Biochip G response to DO level and can use to detect an altering of DO level produced from photosynthesis process of algae Chlorella vulgaris [13] .
II. LITERATURE REVIEW a. Amperometric Electro-Chemical Biosensor
The dissolved oxygen measurement is carried out using amperometric electro-chemical sensor, which is consists of three electrodes, an auxiliary electrode (AE), a reference electrode (RE), and a working electrode (WE) [14] . The auxiliary electrode is the source of the current, the reference electrode is the electrode for keeping the constant potential between RE and WE, and working electrode is the electrode where the current leaves the sensor to be measured. The electrode works with the oxygen-electrode-based sensor. In this type, the WE potential should be brought between 600 mV to 900 mV below the RE potential in order to make the sensor sensitive to oxygen concentration [15] . The current then measured using a trans-impedance circuit on WE output. The trans-impedance circuit is quite simple and commonly used in the low current measurement. It has several advantages such as simplicity and very sensitive to small current when using high resistor value on the feedback [16, 17] . In the other hand, it also has disadvantages; it produces some noises caused by the EMI at the WE due to its virtual Ground (GND) connection, the circuit only work with bipolar power supply [18] , and op-amp bias current may influence the measurement result. In this experiment we eliminated these problems by using a low bias current op-amp, adding Butterworth filter to reduce the noises, and implementing the voltage reference at the trans-impedance circuit to bring the output above the ground potential.
Oxygen concentration in the solution influences the conductivity. By keeping the potential at WE constant, the conductivity of the solution adjusts the current that flowing in the solution. The current is then sensed using a feedback resistor in the trans-impedance amplifier. This method can measures the current down to several pA. Therefore, it is suitable for dissolved oxygen measurement because its measurement range is around 1 nA. As a source, an op-amp driver is used and it buffers the constant potential for RE and sources the current for the AE. The driver is a simple voltage follower op-amp which its input is controlled by a voltage from a high impedance voltage source. The schematic of the driver is shown in Figure 1 . The resulted current is then converted to a voltage. Because the current is very small, the current converter without loading effect is needed. The appropriate converter is a trans-impedance circuit, because this circuit has an input impedance up to 1  The trans-impedance amplifier is shown in Figure 2 . From Figure 2 can be seen that the input current is loaded with the input impedance of the op-amp between non-inverting and inverting input. By choosing an op-amp with very high input impedance up to 1  the loading effect can be minimized and the input current is not distorted. At the trans-impedance circuit, the current is converted to a voltage output by the feedback resistor. The output voltage is determined after equation (1) .
I in is the current from WE, and R 2 is the feedback resistor as shown in Figure 2 . As the reference voltage, the ground (GND) level is usually used if the power supply is a bipolar, and the output voltage is also bipolar. In this experiment the reference voltage is set to a voltage above GND, thus, the output voltage is unipolar and the need of bipolar power supply is eliminated.
The use of large value resistor on the trans-impedance circuit produces noise caused by thermal [19] . The noise due to high impedance of the solutions is also exhibited in the measurement.
Therefore, a second order Butterworth filter is implemented to reduce these noises. The filter pole is set at 1 kHz and the gain is unity. The circuit diagram is shown in Figure 3 . Butterworth filter's pole is set to a low frequency to eliminate the noises, but still accommodates the acquisition rate to allow the oxygen changes rate in the solution. The pole is determined by mV range, therefore with this DAC it can be generated the source voltage with 1 mV resolution.
The trans-impedance circuit converts the current from the WE into voltage by the feedback resistor. The resistor value is around 10 Mor even more, it is intended to yield the output voltage in the volt range from several nA input current. Like the buffer circuit, the transimpedance circuit is critical to offset current. Therefore, the LTC 2272 is also used. Since the power supply is a single supply, the output of the op-amp could not reach below zero.
Consequently, the reference voltage for the trans-impedance circuit is set to 2 V to bring the output above zero. Another DAC is then used for this task as the reference.
Because the current for the amperometric measurement is ranging from 1pA to 1uA, the R2 is set from 1 M to 1 T to provide 1V maximum voltage at the output [20] In our experiment, the feedback resistor of 10 M is used, so that the measurement circuit is able to measure the current up to 100 nA with 0. The main components of the biosensor are the Biochip G and adapter module for biochip electrode holder. Biochip G used in this research was purchased from cellasys GmbH (www.cellasys.de) and is designed to be used for multi parametric measurement of cellular vitality and bio impedance. Biochip G biosensor is produced on the glass substrate with diameter about ± 10.5mm. Figure 1 shows the biochip, adapter module and also their respectively technical specification. Figure 6 . Biochip G for DO measurement (a), mini adapter for biochip holder (b) (www.cellasys.de). Table 1 describe the parameter of the biosensor used for water pollutant monitoring. The 12bit data acquisitions are performed using a USB serial communication port on the rear module box. The measurement was controlled using a user friendly, standalone and executable program "biosensor.exe" created in Visual C ++ v6. Data retrieval time can be set from 1s up to 10 4 s which are then displayed on the screen and saved in Excel format, while the reference voltage for the electrode REF can be set at ± 2V. The electronic circuit module for biochip G is powered via the USB port so it requires no external power supply.
c. Measurement Set Up
Experiments were conducted using the customized and self-designed experimental platform for
Biochip-G as shown in Figure 8 below. The sensor holder is covered with a transparent fluid head enabling artificial light to illuminate the algae layer and cause it to undergo photosynthesis. If it is possible to dry the cells on the BioChip the shelf-live can be improved drastically. This is e.g. possible when using yeast (Saccharomyces cerevisiae). Proof of principle using yeast was already shown by [10] . Due to the double cellular membrane yeast cells can be dried and reawaken when needed. Furthermore the ability of the yeast to detect environmental toxins will be evaluated and compared to the properties of algae.
d. Test Organism
Chlorella vulgaris is used as the biological transducer in this work and it is classified in the family Chlorellaceae. It undergoes photosynthesis to produce a low level of DO. 
Biochip Characterization and Signal Test Prior Experiment
The dummy test aims to perform the output of the analog circuit Biosensor module. In this test, a Dummy Chip is used to replace the actual biochip G and the chip is used as a simulation of the standard test solution which is proportional to the potential output. Subsequent biosensor testing was performed to ensure that the measured DO dissolved oxygen was the result of photosynthesis of Chlorella vulgaris green algae. Therefore, in this experiment, biochips were installed without a standard test solution. 
DO Detection of Algae Photosynthesis Process
Increases in DO production by algae Chlorella vulgaris due to photosynthesis was evaluated by varying the illumination period on the biochip-G. Prior the experiment, biochip G was sterilized with distilled water, rinsed for 5minutes and dried at room air temperature of 25C for 20 minutes. Measurements were carried out by immobilizing 50µL Chlorella vulgaris onto biochips using sterile plastic syringes. Colonies Chlorella vulgaris were found to contain around 5.7410 
Water Pollution Monitoring
First pollution monitoring experiment was performed by disturbing the algae DO production using premixed Crude Palm Oil (CPO) solution adding to the biosensor fluidic system. Changes in vitality of algae due to the CPO will be measured through the oxygen sensor located in the biochip. The cellular respiration of Chlorella vulgaris was monitored for about 4 hours with alga culture broth medium. Then 0,5mL of CPO in an emulsion solution was added to the alga culture broth medium for approximately 40 minutes, followed by a recovery period with alga culture broth medium. As shown in Figure 11 , the initial condition gives a potential result of an average of 1.996 volts and after ON-OFF light illumination, the curve is remain constant. This mean that the artificial light is not the cause of the fluctuation of the output potential. It is expected that the DO concentration to be measured resulting from the process of photosynthesis of algae. Light and dark phases of illumination were set for 20 minute cycle, as shown in Figure 13 . At the beginning of the experiment, the signal was unstable due to ion rate stability in the biochip chamber. After 2h, a decrease in oxygen rate was observed on biochip-G during the LED OFF This process is repetitive until a circumstance in which nutrients are given no longer sufficient to feed the algae colonies. This research shows that the biochip sensor G is able to detect changes in ion rate solution in the form DO resulting from photosynthesis process algae Chlorella vulgaris.
Negative impact of pollutants on environmental around the algae can be detected from fluctuations of resulted ions rate using biosensor based on BioChip-G. Based on the above facts, biochip sensors G can be applied to detect pollutants in water using algae Chlorella vulgaris as bioreceptor. Figure 15 show the effect of the addition of d-phenotrin on the algae environment and impacts the cell vitality to produce DO by photosynthesis mechanism.
Algae was tend to be contaminated by pollutants and decrease the DO production pointed by a potential rise value and then die after 420 minutes.
V. SUMMARY
Biosensor based on Lab-on-Chip concept has been developed successfully and tested at different condition. Water quality monitoring using biosensors based on BioChip-G with alga Chlorella vulgaris as bioreceptor give readings of water pollution parameters such as dissolved oxygen.
Oxygen production by algae photosynthesis can be detected using artificial light simulation experiments. Initially, the data signal remained unstable due to instability after immobilization process. As the illumination was cycled off, a reduction in DO as detected corresponding to decreasing of DO production by the metabolic processes of the algae. For the status LED ON
shows an increasing of oxygen rate near the algae environment proportional to the electrical potential inversely.
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